This article presents part of the findings of a study conducted to assess the prevalence and causes of visual impairment (VI) and blindness among adults with diabetes mellitus (DM) receiving treatment at the government health facilities in the Mopani District, South Africa. This health facility-based cross-sectional study was conducted among 225 Black South African diabetics (161 females and 64 males) aged 40-90 years (mean= 61.50 ± 10.49) years at seven different health care facilities. All the participants were examined for VI using an auto-refractor, pinhole disc, an ophthalmoscope, and a logMAR chart. Visual impairment was defined as visual acuity (VA) of worse than 6/9.5 but better and equal to 3/60, and blindness as VA of worse than 3/60 to no light perception. The prevalence of uncompensated VI and blindness in the right eyes was 70.6 and 3.6%, respectively. In the left eyes, the prevalence was 72 and 3.1% for VI and blindness respectively. The prevalence of blindness remained the same after optical compensation. The leading causes of uncompensated VI and blindness in both eyes were uncorrected refractive error (RE) (49.5%), cataract (24.7%), diabetic retinopathy (3.8%) and glaucoma (2.2%). Following optical compensation, the prevalence of compensated VI and blindness in the right eyes was 41.3 and 3.6%, respectively and in the left eyes, the prevalence was 42.2 and 3.1%, respectively. Uncompensated RE and cataract were the common causes of VI and blindness in this sample. The socio-economic status of this population might have contributed to these findings. These results indicate the need for affordable vision examination and spectacles provision as well as cataract surgery services in this population. (S Afr Optom 2014 73(1) [8] [9] [10] [11] [12] [13] [14] [15] 
Introduction
Diabetes mellitus (DM) is one of the most common non-communicable diseases globally and is one of the most challenging epidemics of the 21 century 1 . Globally, the number of adults with DM aged 20-79 years old is projected to increase from 366 million (8.3%) in 2011 to 552 million (9.9%) by 2030 2 . It is estimated that above 80% of these 552 million people with DM will live in developing countries 2 . In the subSaharan African region, the number of people with DM is expected to increase from 14.7 million in 2011 to 28 million by 2030 2 . In South Africa, the number of people (20-79 years) with DM was estimated at 1.9 million people in 2011 and at least 78% of the people may be undiagnosed 2 . In many developed nations, DM is among the leading causes of visual impairment (VI) and blindness
.
As one of the complications of DM, diabetic retinopathy (DR) has been identified as the leading cause of new cases of VI and blindness among adults aged between 20-74 years in developed countries 3 . DR results from damage to the capillary walls of retinal blood vessels due to chronic hyperglycaemia. This damage may lead to aneurysms, the rupture of which results in retinal haemorrhage, ischemia and micro-infarctions that may lead to vision loss 4 
In the United States, DR causes 12000 to 24000 new cases of blindness each year 3 . In North America, 3.6% of patients with Type 1 DM and 1.6% of patients with Type 2 DM are legally blind due to DR 4 . In England and Wales, about 1000 patients are registered as blind or partially sighted each year, with DR being the most common cause of blindness among economically active individuals 4 . In South Africa, DR is the third leading cause of blindness, after cataract and glaucoma and accounts for about 8% of the total number of blind people in the country; a prevalence that is on the increase 5 ; indicating the need for both government and the private sector to take appropriate measures to create awareness about the ocular complications of DM. The increase in the prevalence of DM suggests that more people with this condition will become visually impaired or blind if steps are not taken to prevent the incidence of DM and its ocular complications.
No previous report on VI and blindness among people with DM in the Mopani District was found in the literature. Therefore, the purpose of this paper is to report on the prevalence and causes of visual impairment and blindness among adults with DM aged 40 years and older in the Mopani District, South Africa.
Method
This study was approved by the Health Studies Research and Ethics committee (HSREC) of the University of South Africa (UNISA) and permission was obtained from the relevant authorities before the commencement of the study. All the ethics protocols were observed during the study. The study sites were seven public health care facilities in the Mopani District Municipality. They included four Clinics, one Health Centre, and two Hospitals. The participants were all Black South Africans of both sexes with DM, aged 40-90 years and living in the District. No reliable data was available in the Mopani District Information Office on the number of Black South African diabetics. During the period of this study (May to December 2011), the total number of Black South African diabetics registered at the seven Public health facilities included in this study was 721. Of this number, 25 (3.5%) were <40 years and these included 15 females and 10 males. Others, 696 (96.5%) were ≥ 40 years and included 475 (68.2%) females and 221 (31.8%) males. Two hundred and twenty five (225) of those who satisfied the selection criteria and were receiving diabetes services from the targeted public health facilities participated in the study and each signed the relevant consent forms.
Each participant's demographic details were noted and following a short case history, distance visual acuities (VA) were measured using a logMAR (Landolt "C") chart at a distance of 4 metres. The test procedure was properly explained to the participants. The left eye was covered while the right eye was being tested and vice versa. The participant was asked to report where the gap of each "C" on the chart was facing (left, right, up or down) beginning from the largest (6/60) line to the smallest line that they could see. The acuity values were recorded in logMAR line scoring format as explained by previous authors 6, 7 . Visual impairment and blindness were classified according to the World Health Organization (WHO) definitions of visual impairment 8 . Participants with VA equal to or better than 6/9.5 were categorised as having no visual impairment (VI). Mild VI was defined as VA of worse than 6/9.5, but equal to or better than 6/18 in the better eye, moderate VI as VA of worse than 6/18 but equal to or better than 6/60, severe VI as VA of worse than 6/60 but equal to or better than 3/60, blindness as VA worse than 3/60 to no light perception.
Subsequently, auto-refraction was performed on both eyes of the participants to determine distance refractive errors (RE). Best corrected VA was measured monocularly with the patient wearing trial lenses from the auto-refraction results and a pinhole disc placed over the trial lenses. RE was recorded as the cause of VI where VA improved to 6/9.5 or better with optical correction and a pinhole. However, where there was no improvement in VA, a direct ophthalmoscope was used to examine the external and internal structures of the eye to determine the cause of VI or blindness. Amblyopia was reported as the cause of VI only for participants with VA of 20/40 or worse and no apparent organic lesion and satisfying one or more of the following criteria: 1) esotropia, exotropia or vertical tropia at 4 meters fixation, or exotropia or vertical tropia at 0.5 meters fixation, or 2) Anisometropia of 2 dioptres (D) or higher or 3) Bilateral ametropia of +6.00 D or higher 9 . Only the primary cause of VI was recorded. Where there were two or more primary disorders equally contributing to the visual loss, then the primary cause was assigned to one that is easiest to treat to restore vision 10 . In a few cases, assistance of the hospital ophthalmologist was sought for diagnosis. All participants with treatable eye conditions were referred for treatment.
Data were analysed with the Statistical Analysis System (SAS) version 9.2 software package. Categorical data analysis was used where one-way (one variable) and two-way (two variables) crosstabulation tables, frequency tables and graphs were constructed. The chi-square tests of associations between pairs of variables as well as logistic regression were performed and odds ratios were calculated and interpreted. The level of significance to test the association between variables was set at 0.05.
Results
This study was conducted among 225 participants. They included 161 (71.6%) females and 64 (28.4%) males and their ages ranged from 40 to 90 years with a mean of 61.50 ± 10.49 years. Over half (54.7%) of the participants were 60 years older, while a few (5.3%) were in the 45-49 year age range. Of the 225 participants, only 12% had spectacles. Of those with uncompensated VI and blindness, 70.6% of the right eyes had VI and 3.6% had blindness. Most (75.1%) of the left eyes had VI and 3.1% had blindness (Table 1) . In both the right and left eyes when uncompensated, there were a significant difference in percentages in the categories of VI (For the right eyes, chi-square =132 with 3 degrees of freedom (df) and p < 0.0001; for the left eyes, chi-square = 145 with 3 degrees of freedom and p < 0.0001). The percentage of the visually impaired and blind diabetics (74.3%) was significantly higher than that of diabetics without VI and blindness (25.7%) (p < 0.0001).
Following optical compensation, the prevalence of VI and blindness based on corrected VA in the right eyes was 44.9% (41.3% for VI; 3.6% for blindness) and 55.1% had normal vision (Table 3 ). In the left eyes, the prevalence of VI and blindness was 45.3% (42.2% for VI, 3.1% for blindness) ( Table 2 ). There was a significant difference in the prevalence of VI and blindness in the right and left eyes, chi-square =144, df = 3, p < 0.0001; left eye: chi-square = 135, df = 3, p < 0.0001).
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The prevalence of both the uncompensated (58.1%) and compensated (29.3%) VI and blindness in the right eyes of the participants was highest among those aged 60 years and older. There was no significant association between uncompensated VI and blindness and age (df = 4, chi-square =5.7, p=0.222). However, following optical compensation, there was a significant association between these variables (df = 4, chi-square =11.2, p=0.02). The main causes of VI and blindness (in decreasing order) based on habitual VA are shown in Table 3 . The total number of participants (182) in Table 3 is more than the 169 reported previously in Table 1 . This is because a participant may be visually impaired due to more than one cause. For instance, RE may be the cause in one eye and cataract the cause in the other as illustrated in Table 3 .
The prevalence of VI and blindness due to RE was higher in the right eyes of males (62%) than in those of females (44.4%). However, cataract was more prevalent (Figure 1 ) in the right eyes of females (36.7%) than in those of males (22%). In the left eyes, the prevalence due to RE among the males was 52.8% and among the females was 42.7% ( Figure 2 ). The prevalence due to cataract was 22.6% and 39.3% among the males and females respectively (Figure 2 ). In both eyes of the participants, cataract was the major cause of VI and blindness among those aged ≥ 60 years. However, below the age of 60 years, RE was the major cause. Following optical compensation, the leading cause of VI and blindness in both eyes of the participants was cataract (76.8%) ( Table 4) . Corneal opacity 2 1.8
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Cataract was the leading cause of compensated VI and blindness in the right (76.5%) and left eyes (75.8%) (Figure 3 ). Cataract was more common in the right eyes of females (78.3%) than in those of males (70.4%). Also, cataract was more prevalent in the left eyes of females (82%) than in males (59%). Glaucoma was more common in the right eyes of males (11.1%) than in females (1.4%). Also, glaucoma was more common in the left eyes of the males (9.4%) than of the females (1.5%). DR was more prevalent in right eyes of the females (7.2%) than of the males (3.7%). However, in the left eyes, it was more prevalent in the males (9.4%) than in females (4.5%).
Discussion
For effective planning of eye care service delivery for diabetic patients, health authorities need data on the prevalence and causes of visual impairment and blindness among people with DM. This study was therefore necessary to provide such data among Black South Africans aged 40 years and older with DM in the Mopani District. This age range (40 years and older) was chosen because diabetic ocular complications are common among this age range 11 . Many (68.9%) of the participants in this study lived in rural areas where health services are limited and this might have contributed to the high prevalence of VI and blindness.
About a third (28.9%) of participants were from the Letaba hospital presumably due to the fact that historically, diabetes management services were available only in hospitals 12 . A large proportion of participants were in the older age group (60-90 years) presumably because such groups are more likely to utilise the public health services. In addition, prevalence of DM might be higher in the older age groups as has been reported by previous authors in South Africa 13, 14 and other African countries 15, 16 . Some authors 17, 18 have reported the prevalence of VI and blindness in patients with DM using habitual VA's whereas others 19, 20 used compensated (aided) VA's. Habitual VA's had been used to enable the report of prevalence of VI due to RE, which has been found to be the leading cause of VI 21 . The habitual VA and compensated VA methods were employed in this study to make it possible to compare findings with others, irrespective of the method used.
The prevalence of uncorrected VI reported in the present study is higher than those reported in other studies [17] [18] [19] . The reason for the higher prevalence might be the differences in the definition of VI and blindness, age of the participants, study sites and the population studied. For instance, in some studies 17, 18 VA's of equal to or better than 6/12 or equal to or better than 6/18 were considered normal; whereas in the present study these were considered as VI. Also, the inclusion of only those aged 40 years and older
The South African Optometrist ISSN 0378-9411 13 in this study might have increased the impairment prevalence as increasing age has been reported as a risk factor for VI among persons with diabetes 17 . Approximately 87% of people with VI have been reported to reside in developing countries 22 . Visual impairment including blindness are expected to be higher in developing countries especially among those living in rural areas due to poor health care services, poor availability and accessibility of eye care services. These are the situations in the present population and this may further explain the higher prevalence of VI and blindness in this study. Clinic-based studies have been found to overestimate the frequency and severity of diseases 23 , this may further explain the higher prevalence of VI in this study. However, a lower value (5.4%) of corrected VI among diabetics compared to those in this study has been reported in America 27 . Similarly, lower values (3.6%, 5.5%) 15, 25 have been reported in other developing countries and 12.3% in South Africa 26 . These lower values compared to the 41.3% in the present study may be due to several factors which include younger subjects in the study sample, urban-rural differences and differences in methodology 15 , 19 . Duration of diabetes may also contribute to differences in prevalence values. For example, 52% of the patients in Yemen 27 had diabetes for >10 years, compared to only 29.3% with similar duration in this study.
The statistically significant association between corrected VI and blindness and increasing age (p=0.02) in this study is consistent with previous studies 25, 28 . Age being associated with visual impairment can be explained by the fact that DM prevalence increases with age 15 , also, duration of diabetes is likely to be higher among the older age groups. In Pakistan, diabetics older than 60 years have been reported to be seven times more likely to develop VI than those who were 60 years and younger 29 . Although there was a higher percentage of VI among males in the present study, the association between VI and blindness and gender was statistically insignificant (p=0.385) and is consistent with a previous report 25 . However, other studies have reported that diabetic females were at significantly higher risk of VI and blindness than males 19, 28 . There is no obvious explanation for the higher percentage of VI among males than females in the present study.
This study showed that the leading causes of uncompensated VI were RE and cataract. VI due to these conditions can be reversed by using spectacles and cataract surgery. This implies that about 50% of the participants are needlessly visually impaired. However, the leading causes of VI after optical correction were cataract and DR (Table 4) . Poor accessibility and affordability of eye care service to this population may be responsible for this. That cataract was the common cause of VI and blindness followed by DR among this diabetic population (Table 4) is similar to previous reports that found cataract to be the leading cause in many countries 15, 24, 30 . The possible explanation for this is that cataract is generally an age-related condition and many of the participants were 60 years and older. Also, persons with DM are at higher risk of developing cataract compared to those without diabetes 1 . However, in other previous studies 24, 31 DR was found to be the major cause of VI and blindness. The high prevalence and severity of DR among diabetics has been attributed to the prevalence of well-established risk factors for DR progression, which include hypertension and poor glycaemic control in the population 32 . This study has some limitations; therefore, the results should be interpreted with caution. The health facility-based nature of this study could have introduced a health-seeking bias and might have led to an over-estimation of the proportion of the visually impaired. The fact that VI was determined based on VA only might have excluded those who were visually impaired due to visual field loss and thus underestimated the prevalence of VI. In addition, the high prevalence of cataracts might have led to the underestimation of diseases such as DR and glaucoma. Despite these limitations, this study provides a valuable insight into the magnitude of the problem in the community and contributes to African data on visual impairment among diabetics. This data will be useful to the South African health authorities for the planning for eye care service delivery in general and among people with DM in particular.
Conclusion
Cataract and uncorrected RE were the common causes of visual impairment and blindness among this population. About 84% of the participants were visually impaired due to one or both of these treatable conditions. This indicates the need for affordable vision examination, spectacles provision and cataract surgery services in this population. It is presumed that the socio-economic status of this population contributed significantly to these findings, therefore government should intensify its efforts to improve the socio-economic status of people living in the rural community.
